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57 ABSTRACT

A catalyst composition comprising on weight basis the fol-
lowing components: a) 30 to 99.5% of at least one intergrowth
molecular sieve; b) 0 to 20% of a rare earth element or oxides
thereof; ¢) 0 to 10% of at least one element from Group VA of
the Periodic Table or oxides thereof; d) 0 to 10% of at least
one element from Group IIIA of the Periodic Table or oxides
thereof; e) 0 to 20% of at least one element from Group IB or
1IB of the Periodic Table or oxides thereof; f) 0 to 20% of at

CI10G 11/05 (2013.01); BO1J 29/084 (2013.01):
BO1J 29/146 (2013.01); BO1J 29/18 (2013.01):
BO1J 29/185 (2013.01); BO1J 29/40 (2013.01):
BO1J 29/405 (2013.01); BO1J 29/46 (2013.01):

B01J 29/70 (2013.01); BO1J 29/7007 (2013.01):
BO1J 29/7049 (2013.01); BO1J 29/7057
(2013.01); BO1J 29/76 (2013.01); BOLJ 29/7615
(2013.01); BO1J 37/0009 (2013.01); BO1J
2229/18 (2013.01); BOLJ 2229/20 (2013.01):
BO1J 2229/42 (2013.01); C10G 2300/1044
(2013.01); C10G 2300/4018 (2013.01); C10G
2400/20 (2013.01)

least one element from Group IA or I1A of the Periodic Table
or oxides thereof; and g) 0 to 65% of a binder, wherein the
components b), ¢), d), ) and f) are supported on the compo-
nent a), and contents of at least two of the components b), ¢),
d), e) and f) are larger than zero, is described. A process for
preparing said catalyst composition and a process for the
production of olefins via catalytic cracking by using said
catalyst composition are also described.

16 Claims, No Drawings
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CATALYTIC COMPOSITION FOR
PRODUCING OLEFINS BY CATALYTIC
CRACKING

CROSS REFERENCE OF RELATED
APPLICATIONS

The present application claims the benefit of the Chinese
Patent Application No. 200710039078.4, filed on Apr. 4,
2007, which is incorporated herein by reference in its entirety
and for all purposes.

FIELD OF THE INVENTION

The invention relates to a catalyst composition for the
catalytic cracking to produce olefins, particularly to a catalyst
composition for the catalytic cracking of naphtha to produce
ethylene and propylene.

BACKGROUND OF THE INVENTION

Ethylene and propylene are important basic chemical feed-
stock. At present, ethylene and propylene are mainly pro-
duced through catalytic cracking or steam cracking of petro-
leum feeds. Catalytic cracking is performed at a reaction
temperature of about 50 to 200° C. lower than that of steam
cracking so that compared with conventional steam cracking,
catalytic cracking has the following advantages: less energy
consumption; reduced rate of coking on the inner well of the
cracking furnace tube and thereby prolonged operating cycle
and increased lifetime of furnace tube; reduced carbon diox-
ide emission; flexibly adjustable product composition; and
increased total yield of ethylene and propylene.

U.S. Pat. No. 6,211,104 and Chinese Patent Application
CN1504540A discloses a catalyst comprising 10 to 70 wt %
of clay, 5 to 85 wt % of inorganic oxide, and 1 to 50 wt % of
molecular sieve, which catalyst exhibits good activity for
converting various conventional cracking feedstocks to light
olefins, especially ethylene. The molecular sieve used is Y
zeolite or ZSM molecular sieve having MFI structure with
high Si/Al ratio, and the molecular sieve is impregnated with
P/Al, Mg or Ca.

Chinese Patent Application CN1274342A discloses a
molecular sieve catalyst having high Si/Al ratio and pore
diameter of from 0.5 t0 0.65 nm, and a process for producting
ethylene and propylene by using said catalyst and light hydro-
carbonaceous feed containing olefins.

Chinese Patent Application 00816642.0 discloses a pro-
cess for the production of ethylene and propylene, wherein a
hydrocarbonaceous feed containing naphtha is treated at 550-
600° C. with a zeolite having pore diameters of less than 0.7
nm.
Chinese Patent Application CN1413244A discloses a pro-
cess for catalytically cracking a hydrocarbon feedstock,
which process comprises contacting the feedstock with a
catalyst composition comprising a primary cracking compo-
nent, such as zeolite Y, and a modified mesoporous alumino-
phosphate material.

However, there is still a need for a novel catalyst useful in
the production of olefins via catalytic cracking, which cata-
lyst has virtues of high catalytic activity, high yield of ethyl-
ene and propylene, and lower reaction temperature.

SUMMARY OF THE INVENTION

An object of the invention is to provide a catalyst compo-
sition useful in the production of olefins via catalytic crack-
ing, comprising on weight basis the following components:
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a) 30 to 99.5% of at least one intergrowth molecular sieve;

b) 0 to 20% of at least one rare earth element or oxides
thereof;

¢) 0 to 10% of at least one element from Group VA of the
Periodic Table or oxides thereof;

d) 0to 10% of at least one element from Group IIIA ofthe
Periodic Table or oxides thereof;

e) 0to 20% of at least one element from Group IB or IIB of
the Periodic Table or oxides thereof;

) 0to 20% of at least one element from Group 1A or ITA of
the Periodic Table or oxides thereof; and

g) 0 to 65% of a binder,

wherein the components b), ¢), d), e) and ) are supported
on the component a), and contents of at least two of the
components b), ¢), d), e) and f) are larger than zero.

Another object of the invention is to provide a process for
preparing the catalyst composition of the invention, compris-
ing

1) providing at least one intergrowth molecular sieve a);

ii) supporting the following modifiers or precursors thereof
on the intergrowth molecular sieve a):

b) 0 to 20 wt % of at least one rare earth element or oxides
thereof;
¢) 0to 10 wt % of at least one element from Group VA of'the

Periodic Table or oxides thereof;

d) 0to 10 wt % of at least one element from Group IIIA ofthe

Periodic Table or oxides thereof;

e) 0to 20 wt % of at least one element from Group IB or IIB
of the Periodic Table or oxides thereof, and

) 0 to 20 wt % of at least one element from Group IA or I[IA
of the Periodic Table or oxides thereof,

to form a modifier or precursor thereof-supported intergrowth

molecular sieve, wherein the contents of the modifier com-

ponents b), ¢), d), e) and f) are based on the weight of the final

catalyst composition, and wherein the contents of at least two

modifier components are larger than zero;

iii) optionally, drying the modifier or precursor thereof-
supported intergrowth molecular sieve obtained from step ii);

iv) calcining the optionally-dried, modifier or precursor
thereof-supported intergrowth molecular sieve; and

v) optionally, combining the calcined intergrowth molecu-
lar sieve obtained from step iv) with a binder or precursor
thereof, and then molding and drying the resultant mixture, to
form the catalyst composition.

Still another object of the invention is to provide a process
for the production of olefins via catalytic cracking, compris-
ing the steps of

i) under catalytic cracking conditions, contacting the cata-
lyst composition according to the invention with a cracking
feedstock, to give an effluent comprising ethylene and pro-
pylene; and

ii) isolating ethylene and propylene from the effluent from
step 1).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the first aspect, the invention provides a catalyst com-
position, comprising on weight basis the following compo-
nents:

a) 30 to 99.5% of at least one intergrowth molecular sieve;

b) 0 to 20% of at least one rare earth element or oxides
thereof;

¢) 0 to 10% of at least one element from Group VA of the
Periodic Table or oxides thereof;

d) 0to 10% of at least one element from Group IIIA ofthe
Periodic Table or oxides thereof;
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e) 0to 20% of at least one element from Group IB or IIB of
the Periodic Table or oxides thereof;

1) 0to 20% of at least one element from Group [A or I1A of
the Periodic Table or oxides thereof; and

g) 0to 65% of a binder,

wherein the components b), ¢), d), e) and 1) are supported
on the component a), and contents of at least two of the
components b), ¢), d), e) and f) are larger than zero.

The intergrowth molecular sieves useful in the invention
include those consisting of at least two of ZSM-5, mordenite,
p zeolite, Y zeolite, MCM-22, analcite, MCM-49, MCM-48,
MCM-56, ZSM-23 and Magadiite molecular sieve. In a pre-
ferred embodiment, the intergrowth molecular sieve is
selected from the group consisting of intergrowth molecular
sieves of ZSM-5 and mordenite; intergrowth molecular sieves
of ZSM-5 and  zeolite; intergrowth molecular sieves of
ZSM-5 andY zeolite; intergrowth molecular sieves of ZSM-5
and MCM-22; intergrowth molecular sieves of ZSM-5 and
MCM-48; intergrowth molecular sieves of ZSM-5 and
MCM-49; intergrowth molecular sieves of ZSM-5 and
MCM-56; intergrowth molecular sieves of ZSM-5 and ZSM-
23; intergrowth molecular sieves of ZSM-5, Magadiite and §
zeolite; intergrowth molecular sieves of ZSM-5, mordenite
and f zeolite; intergrowth molecular sieves of ZSM-5,
mordenite and Y zeolite; intergrowth molecular sieves of
ZSM-5, mordenite and MCM-22; intergrowth molecular
sieves of ZSM-5, B zeolite and MCM-22; intergrowth
molecular sieves of ZSM-5, p zeolite and MCM-49; inter-
growth molecular sieves of ZSM-5, } zeolite and MCM-22;
intergrowth molecular sieves of ZSM-5, § zeolite and MCM-
49; intergrowth molecular sieves of ZSM-5, ZSM-23 and
MCM-49; intergrowth molecular sieves of ZSM-5, ZSM-23
and MCM-22; and mixtures thereof. In the intergrowth
molecular sieves comprising ZSM-5, the content of ZSM-5 is
preferably in arange of from 40to 99.5 wt %, more preferably
in a range of from 60 to 99.5 wt %, and still more preferably
in a range of from 80 to 99 wt %.

The intergrowth molecular sieve used in the invention has
amolar ratio of SiO, to Al,O; preferably ina range of from 10
to 1000, more preferably from 12 to 300, and still more
preferably from 12 to 100. The content of the intergrowth
molecular sieve in the catalyst composition of the invention is
preferably in a range of from 40 to 99 wt %.

The rare earth element contained in the catalyst composi-
tion of the invention is preferably at least one selected from
La, Ce, Nd and Pr, and more preferably is at least one selected
from La and Ce. The content of the rare earth element or
oxides thereof in the catalyst composition of the invention is
in a range of from 0 to 20 wt %, preferably from 0.1 to 20 wt
%, and more preferably from 0.5 to 15 wt %.

The element from Group VA contained in the catalyst
composition of the invention is preferably at least one
selected from P, As, Sb and Bi, and more preferably is P. The
content of the element from Group VA or oxides thereofin the
catalyst composition of the invention is in a range of from O to
10wt %, preferably from 0.1 to 10 wt %, and more preferably
from 0.5 to 5 wt %.

The element from Group IIIA contained in the catalyst
composition of the invention is preferably at least one
selected from B, Ga, In and T1. The content of the element
from Group II1A or oxides thereof'in the catalyst composition
of'the invention is in a range of from 0 to 10 wt %, preferably
from 0.01 to 10 wt %, and more preferably from 0.1 to 5 wt %.
The content of the element from Group IIIA as referred to
herein does not include Al element present in the framework
of the intergrowth molecular sieve.
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The element from Group IB contained in the catalyst com-
position of the invention is preferably at least one selected
from Cu, Ag and Au; and the element from Group IIB con-
tained in the catalyst composition of the invention is prefer-
ably at least one selected from Zn and Cd. The content of the
element from Group IB or IIB or oxides thereofin the catalyst
composition of the invention is in a range of from 0 to 20 wt
%, preferably from 0.1 to 20 wt %, and more preferably from
0.5 to 15 wt %.

The element from Group A contained in the catalyst com-
position of the invention is preferably at least one selected
from Li, K, Rb and Cs; and the element from Group IIA
contained in the catalyst composition of the invention is pref-
erably at least one selected from Be, Mg, Ca, Sr and Ba. The
content of the element from Group A or I1A or oxides thereof
in the catalyst composition of the invention is in a range of
from 0 to 20 wt %, preferably from 0.1 to 20 wt %, and more
preferably from 0.5 to 10 wt %.

In a preferred embodiment, the catalyst composition of the
invention further comprises at least one element selected
from Ti, Zr, Hf, V, Nb and Ta or oxides thereof. The content of
the at least one element selected from Ti, Zr, Hf, V, Nb and Ta
or oxides thereof is preferably in a range of from 0.01 to 2 wt
%, and more preferably from 0.1 to 1 wt %.

The catalyst composition of the invention comprises
optionally a conventional binder such as Si0,, Al,O;, TiO, or
a clay, for example, kaolin. The content of the binder is
preferably in a range of from 0 to 65 wt %, and more prefer-
ably from 0 to 50 wt %, based on the total weight of the
catalyst composition.

The catalyst composition of the invention utilizes an inter-
growth molecular sieve having a stronger acidity, a multilevel
pore structure, and a good selectivity to ethylene and propy-
lene as an essential component, and comprises one or more
elements that suppress dealuminization and improve hydro-
thermal stability of the molecular sieve, one or more transi-
tion metal elements that have high charge density and in
which electron transition is easy, and/or one or more elements
that have the function of suppressing coking, i.e., the compo-
nentb), ¢), d), e) and/or as modifier(s). Therefore, the catalyst
composition of the invention has characteristics of large acid
density, high acid strength, stable acidic property, and good
anti-coking property, and is suitable for various convertion
processes of organic substance which utilize generally a
molecular sieve catalyst, especially for the catalytic cracking
of alkanes to produce ethylene and propylene.

In the second aspect, the invention provides a process for
preparing the catalyst composition of the invention, compris-
ing:

1) providing at least one intergrowth molecular sieve;

ii) supporting at least two of the aforesaid modifiers or
precursors thereof on the intergrowth molecular sieve by a
method known per se;

iii) optionally, drying the modifier or precursor thereof-
supported intergrowth molecular sieve obtained from step ii);

iv) calcining the optionally-dried, modifier or precursor
thereof-supported intergrowth molecular sieve; and

v) optionally, combining the calcined intergrowth molecu-
lar sieve obtained from step iv) with a binder or precursor
thereof, and then molding and drying the resultant mixture, to
form the catalyst composition.

The intergrowth molecular sieves used in the present inven-
tion can be prepared by mixing a silicon source, an aluminum
source, an optional templating agent and water, and allowing
the mixture to crystallize under hydrothermal conditions and,
optionally, in the presence of suitable crystal seeds. The sili-
con source used in the preparation of the intergrowth molecu-
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lar sieves may be any silicon source known in the art as being
useful in the synthesis of molecular sieves, and non-limiting
examples include metasilicates, silicates and silica sol. The
aluminum source used in the preparation of the intergrowth
molecular sieves may be any aluminum source known in the
art as being useful in the synthesis of molecular sieves, and
non-limiting examples include aluminum salts, aluminates
and alumina sol. Non-limiting examples of templating agent
used in the preparation of the intergrowth molecular sieves
include tetrapropyl ammonium bromide, tetrapropyl ammo-
nium hydroxide, triethyl amine, n-butyl amine, tetraethyl
ammonium hydroxide, ethylene diamine, ethyl amine and
mixtures thereof. The crystallizing reaction mixture has a pH
value of from 10 to 13.

In a specific embodiment, an intergrowth molecular sieve
is synthesized as follows: a desired amount of a silicon source
and a desired amount of an aluminum source are separately
dissolved in distilled water to form two solutions; then the
two solutions are combined and vigorously stirred; then, if
desired, one or more templating agents, M, are added to the
mixed solution, and the resulting mixture is stirred for about
30 min and then adjusted with an acid (for example, diluted
sulphuric acid) or a base (for example, NaOH solution) to a
pH value of from 10 to 13; the mixture is supplemented with
distilled water to control the molar ratio of the components in
the solution to Si:Al:Na:M:H,0=1:0.2 to 0.002:0.1 to 4:0 to
2:20 to 40; optionally, a desired amount of suitable crystal
seeds is added, to give a crystallizing reaction mixture; the
crystallizing reaction mixture is placed into an autoclave and
allowed to crystallize at atemperature of 120to 180° C. for 20
to 60 hours; resulting crystals are discharged and washed with
water, and then, for example, dried at 120° C. for 4 hours and
calcined at 550° C. for 3 hours, to give an intergrowth molecu-
lar sieve. An intergrowth molecular sieve in hydrogen form
can be prepared by exchanging the intergrowth molecular
sieve with, for example, 5% aqueous solution of ammonium
nitrate at 70° C. twice and then calcining at 550° C. for 3
hours, and repeating the exchanging and calcining cycle once.

In order to prepare the catalyst composition of the inven-
tion, at lease two of the modifiers b), c¢), d), e) and f) or
precursors thereof are supported on the intergrowth molecu-
lar sieve, and the modifier or precursor thereof-supported
intergrowth molecular sieve is then calcined, optionally after
a drying step. The methods for supporting the modifiers or
precursors thereof are well known per se by those skilled in
the art. For example, the modifiers or precursors thereof can
be supported on the intergrowth molecular sieve by impreg-
nating the intergrowth molecular sieve with an aqueous solu-
tion containing compounds of corresponding modifying ele-
ments (for example, acids or salts), or by combining the
intergrowth molecular sieve with an aqueous solution con-
taining compounds of corresponding modifying elements
(for example, acids or salts) and then evaporating water. The
conditions for drying and calcining the modifier or precursor
thereof-supported intergrowth molecular sieve are well
known by those skilled in the art. Optionally, the calcined,
modifier or precursor thereof-supported intergrowth molecu-
lar sieve can be mixed with a conventional binder precursor,
and then the resulting mixture is molded and dried. The binder
precursor may be at least one selected from SiO, sol, Al,O,
sol, TiO, sol and clays such as kaolin. The mixture containing
the binder may further comprise at least one of Sesbania
cannabina powder, soluble starch and active carbon as a pore-
forming agent in an amount of from 0 to 10% of the total solid
weight of the mixture. The method for molding the mixture
containing the binder may be any of pressing into tablet,
extruding and spray drying. After the molding and drying, the
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catalyst composition may be further subjected to a treatment
for converting crystal. For example, the catalyst composition
may be treated in a vapor of a templating agent (for example,
ethyl amine, ethylene diamine, or butyl amine) at 150-180° C.
for 40-120 hours.

In the third aspect, the invention provide a process for the
production of olefins via catalytic cracking, comprising the
steps of

i) under catalytic cracking conditions, contacting the cata-
lyst composition according to the invention with a cracking
feedstock, to give an effluent comprising ethylene and pro-
pylene; and

ii) isolating ethylene and propylene from the effluent from
step 1).

The process for the production of olefins via catalytic
cracking according to the invention can be performed at a
conventional plant for catalytic cracking to olefins and can
employ conventional reaction conditions. For example, reac-
tion temperature may be in a range of from 550 to 700° C.,
reaction pressure may be in a range of from 0.001 MPa to 0.5
MPa, WHSV of the feedstock may be in a range of from 0.1
to 10 h~!, preferably, from 0.1 to 4 h™', and weight ratio of
water to feed oil may be in a range of from 0.1:1 to 4:1. Since
the catalyst compositions of the invention have higher activi-
ties, it is possible to carry out the process of the invention at a
lower reaction temperature. In principle, any of the various
cracking feedstocks known in the art can be used in the
process of the invention. Preferably, the process of the inven-
tion utilizes naphtha as feedstock.

EXAMPLES

The following examples are given for further illustrating
the invention, but do not make limitation to the invention in
any way.

In the Examples, a naphtha consisting of C, to C,, hydro-
carbons from Shanghai Gaogiao Petrochemical Corp. was
used as feedback when evaluating activities of the catalyst
compositions. The naphtha has the following physical prop-
erties.

Physical properties of the naphtha feedstock

Item Data
Density (20° C.) Kg/m® 704.6
Boiling range

Initial boiling point, © C. 40
End boiling point, ° C. 160
Saturated vapor pressure (20° C.), KPa 50.2
Alkanes, wt % 65.18
n-Alkanes in the alkanes, wt % >32.5
Cycloalkanes, wt % 28.44
olefins, wt % 0.17
Aromatics, wt % 6.21

Example 1

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.3 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring. The mixture was stirred
for 30 min, and then was adjusted with diluted sulphuric acid
to pH 11.5. Then water was added so that the resultant mixture
had a molar ratio of Si:Al:H,0=1:0.1:40. After stirred for 30
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min, the mixture was placed in an autoclave, and maintained
at 180° C. for 40 h. The resulting crystals were discharged,
washed with water twice, dried at 120° C. for 4 h, and calcined
at 550° C. for 3 h, to give an intergrowth molecular sieve of
ZSM-5 and mordenite. It was found through XRD quantita-
tive analysis that this intergrowth molecular sieve comprised
95 wt % of ZSM-5 and 5 wt % of mordenite. The intergrowth
molecular sieve exchanged with 10 times weight of 5 wt %
aqueous solution of ammonium nitrate at 70° C. twice, and
then was calcined at 550° C. for 3 h. The exchanging and
calcining cycle was repeated once, to give an intergrowth
molecular sieve of ZSM-5 and mordenite in hydrogen form,
which is referred to as FH-1.

Example 2

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 29.4 g of tetraethyl ammonium hydroxide
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 30 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40. 2.8 g of j zeolite as crystal seeds was
added to the mixture. After stirred for 30 min, the mixture was
placed in an autoclave, and maintained at 160° C. for 40 h.
The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of ZSM-5 and [} zeo-
lite. It was found through XRD quantitative analysis that this
intergrowth molecular sieve comprised 94.6 wt % of ZSM-5
and 5.4 wt % of § zeolite. An intergrowth molecular sieve of
ZSM-5 and p zeolite in hydrogen form, which is referred to as
FH-2, was prepared according to the procedure as described
in Example 1.

Example 3

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.3 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 24.4 g of eth-
ylene diamine were added thereto. The mixture was stirred
for 20 min, and then was adjusted with diluted sulphuric acid
to pH 11.5. Then water was added so that the resultant mixture
had a molar ratio of Si: Al:ethylene diamine:H,0=1:0.1:0.4:
40. 2.8 g of Y zeolite as crystal seeds was added to the
mixture. After stirred for 30 min, the mixture was placed in an
autoclave, and maintained at 130° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of ZSM-5 and Y zeolite. It was
found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 94.5 wt % of ZSM-5 and
5.5 wt % of Y zeolite. An intergrowth molecular sieve of
ZSM-5 andY zeolite in hydrogen form, which is referred to as
FH-3, was prepared according to the procedure as described
in Example 1.

Example 4

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.4 g of aluminum
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sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
racthyl ammonium hydroxide as templating agent M was
added thereto. The mixture was stirred for 20 min, and then
was adjusted with diluted sulphuric acid to pH 11. Then water
was added so that the resultant mixture had a molar ratio of
Si:Al:M:H,0=1:0.1:0.2:40. 3.0 g of Y zeolite as crystal seeds
was added to the mixture. After stirred for 30 min, the mixture
was placed in an autoclave, and maintained at 150° C. for 40
h. The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of [} zeolite and Y
zeolite. It was found through XRD quantitative analysis that
this intergrowth molecular sieve comprised 46.5 wt % of
zeolite and 53.5 wt % of Y zeolite. An intergrowth molecular
sieve of f§ zeolite and Y zeolite in hydrogen form, which is
referred to as FH-4, was prepared according to the procedure
as described in Example 1.

Example 5

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-22 as crystal seeds was
added to the mixture. After stirred for 30 min, the mixture was
placed in an autoclave, and maintained at 150° C. for 40 h.
The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of § zeolite, mordenite
and MCM-22. It was found through XRD quantitative analy-
sis that this intergrowth molecular sieve comprised 54.5 wt %
of p zeolite, 12.8 wt % of mordenite, and 22.7 wt % of
MCM-22. An intergrowth molecular sieve of f§ zeolite,
mordenite and MCM-22 in hydrogen form, which is referred
to as FH-5, was prepared according to the procedure as
described in Example 1.

Example 6

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 19.9 g of hexamethylene imine (mixed
templating agents, referred to as M) were added thereto. The
mixture was stirred for 20 min, and then was adjusted with
diluted sulphuric acid to pH 11. Then water was added so that
the resultant mixture had a molar ratio of Si:Al:M:H,0=1:
0.05:0.4:40. 3.0 g of MCM-22 as crystal seeds was added to
the mixture. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 150° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of mordenite and MCM-22. It
was found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 61.5 wt % of mordenite
and 38.5 wt % of MCM-22. An intergrowth molecular sieve
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of mordenite and MCM-22 in hydrogen form, which is
referred to as FH-6, was prepared according to the procedure
as described in Example 1.

Example 7

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 25.1 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 19.9 g of hexamethylene imine (mixed
templating agents, referred to as M) were added thereto. The
mixture was stirred for 20 min, and then was adjusted with
diluted sulphuric acid to pH 11. Then water was added so that
the resultant mixture had a molar ratio of Si:Al:M:H,0=1:
0.067:0.4:40. 3.0 g of MCM-22 as crystal seeds was added to
the mixture. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 150° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of mordenite, MCM-22 and
MCM-49. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 22.3 wt % of
MCM-49 molecular sieve, 47.9 wt % of mordenite, and 29.8
wt % of MCM-22. An intergrowth molecular sieve of
mordenite, MCM-22 and MCM-49 in hydrogen form, which
is referred to as FH-7, was prepared according to the proce-
dure as described in Example 1.

Example 8

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.4 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine (templating agent, referred to as M) was added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.1:0.2:40. 3.0 g of Y zeolite as crystal seeds was
added to the mixture. After stirred for 30 min, the mixture was
placed in an autoclave, and maintained at 160° C. for 40 h.
The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of mordenite and Y
zeolite. It was found through XRD quantitative analysis that
this intergrowth molecular sieve comprised 54.5 wt % of
mordenite, and 45.5 wt % of Y zeolite. An intergrowth
molecular sieve of mordenite and Y zeolite in hydrogen form,
which is referred to as FH-8, was prepared according to the
procedure as described in Example 1.

Example 9

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-22 as crystal seeds was
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added to the mixture. After stirred for 30 min, the mixture was
placed in an autoclave, and maintained at 150° C. for 40 h.
The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of ZSM-5, [} zeolite
and MCM-22. It was found through XRD quantitative analy-
sis that this intergrowth molecular sieve comprised 41.5 wt %
of B zeolite, 37.7 wt % of ZSM-5, and 20.8 wt % of MCM-22.
An intergrowth molecular sieve of ZSM-5, § zeolite and
MCM-22 in hydrogen form, which is referred to as FH-9, was
prepared according to the procedure as described in Example
1.

Example 10

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.4 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 29.4 g of tetraethyl ammonium hydroxide
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.1:0.4:40. 3.0 g of Y zeolite as crystal seeds was
added to the mixture. After stirred for 30 min, the mixture was
placed in an autoclave, and maintained at 150° C. for 40 h.
The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of ZSM-5, [} zeolite
andY zeolite. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 20.5 wt % of
[ zeolite, 38.7 wt % of ZSM-5 and 40.8 wt % of Y zeolite. An
intergrowth molecular sieve of ZSM-5, § zeolite and Y zeolite
in hydrogen form, which is referred to as FH-10, was pre-
pared according to the procedure as described in Example 1.

Example 11

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40 wt % silica
sol was dissolved in 100 g of distilled water to form a solution
B. 0.48 g of aluminum sulfate was dissolved in 20 ml of
distilled water to form a solution C. The solution A and the
solution C were separately slowly poured into the solution B
while vigorously stirring. Next, 2.6 g of sodium hydroxide
and 14.7 g of tetracthyl ammonium hydroxide were added
thereto, and then 1.2 g of § zeolite as crystal seeds was added.
The mixture was stirred for 20 min, and then was adjusted
with diluted sulphuric acid to pH 11. Then water was added so
that the resultant mixture had a molar ratio of Si:Al:Na:
H,0=1:0.005:0.6:40. After stirred for 30 min, the mixture
was placed in an autoclave, and maintained at 160° C. for 40
h. The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of ZSM-5, Magadiite
and  zeolite. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 50.6 wt % of
ZSM-5, 24.9 wt % of pp zeolite, and 24.5 wt % of Magadiite.
An intergrowth molecular sieve of ZSM-5, Magadiite and
zeolite in hydrogen form, which is referred to as FH-11, was
prepared according to the procedure as described in Example
1.

Example 12

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40 wt % silica
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sol was dissolved in 100 g of distilled water to form a solution
B. 0.48 g of aluminum sulfate was dissolved in 20 ml of
distilled water to form a solution C. The solution A and the
solution C were separately slowly poured into the solution B
while vigorously stirring. Next, 2.6 g of sodium hydroxide
and 1.2 g of mordenite as crystal seeds were added thereto.
The mixture was stirred for 20 min, and then was adjusted
with diluted sulphuric acid to pH 11. Then water was added so
that the resultant mixture had a molar ratio of Si:Al:Na:
H,0=1:0.001:0.6:40. After stirred for 30 min, the mixture
was placed in an autoclave, and maintained at 180° C. for 40
h. The resulting crystals were discharged, washed with water
twice, dried at 120° C. for 4 h, and calcined at 550° C. for3 h,
to give an intergrowth molecular sieve of ZSM-5, Magadiite
and mordenite. It was found through XRD quantitative analy-
sis that this intergrowth molecular sieve comprised 40.4 wt %
of ZSM-5, 21.2 wt % of mordenite, and 38.4 wt % of Maga-
diite. An intergrowth molecular sieve of ZSM-5, Magadiite
and mordenite in hydrogen form, which is referred to as
FH-12, was prepared according to the procedure as described
in Example 1.

Example 13

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 25.1 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of tri-
ethyl amine and 29.4 g of tetracthyl ammonium hydroxide
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11.5. Then water
was added so that the resultant mixture had a molar ratio of
Si: Al:M:H,0=1:0.067:0.4:40. 2.8 g of Y zeolite as crystal
seeds was added to the mixture. After stirred for 30 min, the
mixture was placed in an autoclave, and maintained at 160° C.
for 40 h. The resulting crystals were discharged, washed with
water twice, dried at 120° C. for 4 h, and calcined at 550° C.
for 3 h, to give an intergrowth molecular sieve of mordenite,
[ zeolite and Y zeolite. It was found through XRD quantita-
tive analysis that this intergrowth molecular sieve comprised
35.4 wt % of mordenite, 30.3 wt % of p zeolite, and 34.3 wt
% of'Y zeolite. An intergrowth molecular sieve of mordenite,
[ zeolite and Y zeolite in hydrogen form, which is referred to
as FH-13, was prepared according to the procedure as
described in Example 1.

Example 14

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 24.4 g of eth-
ylene diamine and 29.4 g of tetraethyl ammonium hydroxide
as templating agent M were added thereto. The mixture was
stirred for 20 min, and then was adjusted with NaOH
and/or diluted sulphuric acid to pH 12. Then water was added
so that the resultant mixture had a molar ratio of Si:Al:M:
H,0:0H™=1:0.05:0.4:40. After stirred for 30 min, the mix-
ture was placed in an autoclave, and maintained at 160° C. for
40 h. The resulting crystals were discharged, washed with
water twice, dried at 120° C. for 4 h, and calcined at 550° C.
for 3 h, to give an intergrowth molecular sieve of mordenite,
[ zeolite and analcite. It was found through XRD quantitative
analysis that this intergrowth molecular sieve comprised 30.2

10

15

20

25

30

35

40

45

50

55

60

65

12

wt % of f zeolite, 48.7 wt % of mordenite, and 21.1 wt % of
analcite. An intergrowth molecular sieve of mordenite, f§ zeo-
lite and analcite in hydrogen form, which is referred to as
FH-14, was prepared according to the procedure as described
in Example 1.

Example 15

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-49 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 160° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, f§ zeolite and
MCM-49. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 41.6 wt % of
p zeolite, 37.9 wt % of ZSM-5, and 20.5 wt % of MCM-49.
An intergrowth molecular sieve of ZSM-5, § zeolite and
MCM-49 in hydrogen form, which is referred to as FH-15,
was prepared according to the procedure as described in
Example 1.

Example 16

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-56 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 140° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, f§ zeolite and
MCM-56. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 40.3 wt % of
P zeolite, 38.1 wt % of ZSM-5, and 21.6 wt % of MCM-56.
An intergrowth molecular sieve of ZSM-5, § zeolite and
MCM-56 in hydrogen form, which is referred to as FH-16,
was prepared according to the procedure as described in
Example 1.

Example 17

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
racthyl ammonium hydroxide and 12.2 g of pyrrolidine
(mixed templating agents, referred to as M) were added
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thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40. 3.0 g of ZSM-23 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 165° C. for 70 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, 3 zeolite and ZSM-
23. It was found through XRD quantitative analysis that this
intergrowth molecular sieve comprised 28.7 wt % of [ zeo-
lite, 46.4 wt % of ZSM-5, and 24.9 wt % of ZSM-23. An
intergrowth molecular sieve of ZSM-5, 3 zeolite and ZSM-23
in hydrogen form, which is referred to as FH-17, was pre-
pared according to the procedure as described in Example 1.

Example 18

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-49 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 160° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, mordenite and
MCM-49. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 36.7 wt % of
mordenite, 44.7 wt % of ZSM-5, and 18.6 wt % of MCM-49.
An intergrowth molecular sieve of ZSM-5, mordenite and
MCM-49 in hydrogen form, which is referred to as FH-18,
was prepared according to the procedure as described in
Example 1.

Example 19

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 29.4 g of tet-
raethyl ammonium hydroxide and 19.9 g of hexamethylene
imine (mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-56 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 140° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, mordenite and
MCM-56. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 34.5 wt % of
mordenite, 48.7 wt % of ZSM-5, and 16.8 wt % of MCM-56.
An intergrowth molecular sieve of ZSM-5, mordenite and
MCM-56 in hydrogen form, which is referred to as FH-19,
was prepared according to the procedure as described in
Example 1.
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Example 20

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 40.6 g of tet-
rapropyl ammonium hydroxide and 12.2 g of pyrrolidine
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40.3.0 g of MCM-23 as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 170° C. for 70 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, mordenite and
MCM-23. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 31.5 wt % of
mordenite, 45.2 wt % of ZSM-5, and 23.3 wt % of ZSM-23.
An intergrowth molecular sieve of ZSM-5, mordenite and
MCM-23 in hydrogen form, which is referred to as FH-20,
was prepared according to the procedure as described in
Example 1.

Example 21

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 14.7 g of tet-
raethyl ammonium hydroxide, 7.1 g of pyrrolidine and 19.9 g
of hexamethylene imine (mixed templating agents, referred
to as M) were added thereto. The mixture was stirred for 20
min, and then was adjusted with diluted sulphuric acid to pH
11. Then water was added so that the resultant mixture had a
molarratio of Si: Al:M:H,0=1:0.05:0.4:40.3.0 g of MCM-22
as crystal seeds was added thereto. After stirred for 30 min,
the mixture was placed in an autoclave, and maintained at
160° C. for 70 h. The resulting crystals were discharged,
washed with water twice, dried at 120° C. for 4 h, and calcined
at 550° C. for 3 h, to give an intergrowth molecular sieve of
ZSM-5, ZSM-23 and MCM-22. It was found through XRD
quantitative analysis that this intergrowth molecular sieve
comprised 32.5 wt % of ZSM-23, 44.7 wt % of ZSM-5, and
22.8 wt % of MCM-22. An intergrowth molecular sieve of
ZSM-5, ZSM-23 and MCM-22 in hydrogen form, which is
referred to as FH-21, was prepared according to the procedure
as described in Example 1.

Example 22

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 14.2 g of pyrrolidine (mixed templating
agents, referred to as M) were added thereto. The mixture was
stirred for 20 min, and then was adjusted with diluted sulphu-
ric acid to pH 11. Then water was added so that the resultant
mixture had a molar ratio of Si: Al:M:H,0=1:0.05:0.4:40.3.0
g of Y zeolite as crystal seeds was added thereto. After stirred
for 30 min, the mixture was placed in an autoclave, and
maintained at 150° C. for 40 h. The resulting crystals were
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discharged, washed with water twice, dried at 120° C. for 4 h,
and calcined at 550° C. for 3 h, to give an intergrowth molecu-
lar sieve of ZSM-5, ZSM-23 and Y zeolite. It was found
through XRD quantitative analysis that this intergrowth
molecular sieve comprised 30.5 wt % of ZSM-23, 40.7 wt %
of ZSM-5, and 28.8 wt % of Y zeolite. An intergrowth
molecular sieve of ZSM-5, ZSM-23 and Y zeolite in hydro-
gen form, which is referred to as FH-22, was prepared accord-
ing to the procedure as described in Example 1.

Example 23

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40% silica sol
was dissolved in 100 g of distilled water to form a solution B.
0.48 g of aluminum sulfate was dissolved in 20 ml of distilled
water to form a solution C. The solution A and the solution C
were separately slowly poured into the solution B while vig-
orously stirring. Next, 2.6 g of sodium hydroxide and 29.4 g
of tetraethyl ammonium hydroxide (M) were added thereto,
and then 1.2 g of mordenite as crystal seeds was added. The
mixture was stirred for 20 min, and then was adjusted with
diluted sulphuric acid to pH 11. Then water was added so that
the resultant mixture had a molar ratio of Si:Al:Na:M:
H,0=1:0.005:0.6:0.2:40. The mixture was placed in an auto-
clave, and maintained at 160° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of f§ zeolite, Magadiite and
mordenite. It was found through XRD quantitative analysis
that this intergrowth molecular sieve comprised 54.5 wt % of
[ zeolite, 24.9 wt % of mordenite, and 20.6 wt % of Maga-
diite. An intergrowth molecular sieve of f§ zeolite, Magadiite
and mordenite in hydrogen form, which is referred to as
FH-23, was prepared according to the procedure as described
in Example 1.

Example 24

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40% silica sol
was dissolved in 100 g of distilled water to form a solution B.
0.48 g of aluminum sulfate was dissolved in 20 ml of distilled
water to form a solution C. The solution A and the solution C
were separately slowly poured into the solution B while vig-
orously stirring. Next, 2.6 g of sodium hydroxide was added
thereto, and then 1.2 g of § zeolite as crystal seeds was added.
The mixture was stirred for 20 min, and then was adjusted
with diluted sulphuric acid to pH 11. Then water was added so
that the resultant mixture had a molar ratio of Si:Al:Na:
H,0=1:0.005:0.6:40. The mixture was placed in an auto-
clave, and maintained at 160° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of § zeolite and Magadiite. It was
found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 55.4 wt % of § zeolite and
44.6 wt % of Magadiite. An intergrowth molecular sieve of §
zeolite and Magadiite in hydrogen form, which is referred to
as FH-24, was prepared according to the procedure as
described in Example 1.

Example 25
33.3 g of sodium metasilicate was dissolved in 100 g of

distilled water to form a solution A. 57.4 g of 40% silica sol
was dissolved in 100 g of distilled water to form a solution B.
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0.48 g of aluminum sulfate was dissolved in 20 ml of distilled
water to form a solution C. The solution A and the solution C
were separately slowly poured into the solution B while vig-
orously stirring. Next, 2.6 g of sodium hydroxide was added
thereto, and then 1.2 g of mordenite as crystal seeds was
added. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
Na:H,0=1:0.005:0.6:40. The mixture was placed in an auto-
clave, and maintained at 180° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of mordenite and Magadiite. It
was found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 30.8 wt % of mordenite
and 69.2 wt % of Magadiite. An intergrowth molecular sieve
of mordenite and Magadiite in hydrogen form, which is
referred to as FH-25, was prepared according to the procedure
as described in Example 1.

Example 26

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40% silica sol
was dissolved in 100 g of distilled water to form a solution B.
0.48 g of aluminum sulfate was dissolved in 20 ml of distilled
water to form a solution C. The solution A and the solution C
were separately slowly poured into the solution B while vig-
orously stirring. Next, 2.6 g of sodium hydroxide was added
thereto, and then 1.2 g of § zeolite as crystal seeds was added.
The mixture was stirred for 20 min, and then was adjusted
with diluted sulphuric acid to pH 11. Then water was added so
that the resultant mixture had a molar ratio of Si:Al:Na:
H,0=1:0.005:0.6:40. The mixture was placed in an auto-
clave, and maintained at 180° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of § zeolite and Magadiite. It was
found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 40.6 wt % of § zeolite and
59.4 wt % of Magadiite. An intergrowth molecular sieve of 3
zeolite and Magadiite in hydrogen form, which is referred to
as FH-26, was prepared according to the procedure as
described in Example 1.

Example 27

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.4 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 24.4 g of eth-
ylene diamine as templating agent M was added thereto. The
mixture was stirred for 20 min, and then was adjusted with
NaOH and diluted sulphuric acid to pH 12. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0:0H™=1:0.1:0.4:40:1.2. The mixture was placed in an
autoclave, and maintained at 180° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of ZSM-5, mordenite and anal-
cite. It was found through XRD quantitative analysis that this
intergrowth molecular sieve comprised 50.2 wt % of ZSM-5,
23.6 wt % of mordenite, and 26.2 wt % of analcite. An
intergrowth molecular sieve of ZSM-5, mordenite and anal-



US 9,242,236 B2

17

cite in hydrogen form, which is referred to as FH-27, was
prepared according to the procedure as described in Example
1.

Example 28

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 29.4 g of tetraethyl ammonium hydroxide
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.05:0.4:40. 3.0 g of 3 zeolite as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 160° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, mordenite and
zeolite. It was found through XRD quantitative analysis that
this intergrowth molecular sieve comprised 60.5 wt % of
ZSM-5, 23.4 wt % of mordenite, and 16.1 wt % of [} zeolite.
An intergrowth molecular sieve of ZSM-5, mordenite and 3
zeolite in hydrogen form, which is referred to as FH-28, was
prepared according to the procedure as described in Example
1.

Example 29

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 33.4 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 29.4 g of tetraethyl ammonium hydroxide
(mixed templating agents, referred to as M) were added
thereto. The mixture was stirred for 20 min, and then was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
M:H,0=1:0.1:0.4:40. 2.8 g of Y zeolite as crystal seeds was
added thereto. After stirred for 30 min, the mixture was placed
in an autoclave, and maintained at 160° C. for 40 h. The
resulting crystals were discharged, washed with water twice,
dried at 120° C. for 4 h, and calcined at 550° C. for 3 h, to give
an intergrowth molecular sieve of ZSM-5, mordenite and Y
zeolite. It was found through XRD quantitative analysis that
this intergrowth molecular sieve comprised 50.5 wt % of
ZSM-5, 24.2 wt % of mordenite, and 25.3 wt % of Y zeolite.
An intergrowth molecular sieve of ZSM-5, mordenite and Y
zeolite in hydrogen form, which is referred to as FH-29, was
prepared according to the procedure as described in Example
1.

Example 30

284 g of sodium metasilicate was dissolved in 300 g of
distilled water to form a solution A. 16.7 g of aluminum
sulfate was dissolved in 100 g of distilled water to form a
solution B. Then the solution B was slowly poured into the
solution A while vigorously stirring, and then 12.2 g of eth-
ylene diamine and 19.9 g of hexamethylene imine (mixed
templating agents, referred to as M) were added thereto. The
mixture was stirred for 20 min, and then was adjusted with
diluted sulphuric acid to pH 11. Then water was added so that
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the resultant mixture had a molar ratio of Si:Al:M:H,0=1:
0.05:0.4:40. 3.0 g of MCM-22 as crystal seeds was added
thereto. After stirred for 30 min, the mixture was placed in an
autoclave, and maintained at 150° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of ZSM-5, mordenite and MCM-
22. It was found through XRD quantitative analysis that this
intergrowth molecular sieve comprised 60.3 wt % of ZSM-5,
8.9 wt % of mordenite, and 30.8 wt % of MCM-22. An
intergrowth molecular sieve of ZSM-5, mordenite and MCM-
22 in hydrogen form, which is referred to as FH-30, was
prepared according to the procedure as described in Example
1.

Example 31

33.3 g of sodium metasilicate was dissolved in 100 g of
distilled water to form a solution A. 57.4 g of 40% silica sol
was dissolved in 100 g of distilled water to form a solution B.
The solution A was slowly poured into the solution B, and the
mixture was vigorously stirred for 1 h. Next, the mixture was
adjusted with diluted sulphuric acid to pH 11. Then water was
added so that the resultant mixture had a molar ratio of Si:Al:
Na:H,0=1:0.002:0.5:40. The mixture was placed in an auto-
clave, and maintained at 180° C. for 40 h. The resulting
crystals were discharged, washed with water twice, dried at
120° C. for 4 h, and calcined at 550° C. for 3 h, to give an
intergrowth molecular sieve of ZSM-5 and Magadiite. It was
found through XRD quantitative analysis that this inter-
growth molecular sieve comprised 40.6 wt % of ZSM-5 and
59.4 wt % of Magadiite. An intergrowth molecular sieve of
ZSM-5 and Magadiite in hydrogen form, which is referred to
as FH-31, was prepared according to the procedure as
described in Example 1.

Examples 32 to 37

Following the procedure as described in Example 27, a
series of intergrowth molecular sieves of ZSM-5, mordenite
and analcite were respectively synthesized by using the raw
materials as shown in the Table 9 below in the molar ratio as
shown in the Table 1 below. The contents of ZSM-5, morden-
ite and analcite in the intergrowth molecular sieves are shown

in the Table 2 below.

TABLE 1
Example Molar ratio of the components in the solution Sample No.
Example 32 Si:AlLM:H,0:0H™! = 1:0.005:0.4:40:5 FH-32
Example 33 Si:AlM:H,0:0H™! = 1:0.01:0.4:40:0.01 FH-33
Example 34 Si:Al:M:H,0:0H™! = 1:0.1:0.1:50:0.001 FH-34
Example 35  Si:AlM:H,0:0H™! = 1:0.125:0.2:40:0.5 FH-35
Example 36 Si:Al:M:H,0:0H! = 1:0.167:0:60:2 FH-36
Example 37 Si:ALM:H,0:0H™! =1:0.2:0.01:80:4 FH-37

TABLE 2

Content of Content of
SiO,/AlLO;  Content of ZSM-5  mordenite  analcite

Sample No. (molar ratio) (Wt %) (Wt %) (wt %)
FH-32 400 96.2 1.8 2.0
FH-33 200 95.8 2.4 1.8
FH-34 20 88.2 6.5 5.3
FH-35 16 654 22.0 12.6
FH-36 12 33.6 25.3 41.1
FH-37 10 12.3 11.3 76.4
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Examples 38 to 43 TABLE 5-continued
Following the procedure as described in Example 28, a Example Molar ratio of the components in the solution Sample No.
series of intergrowth molecular sieves of ZSM-5, mordenite Example 47 Si:ALM:H,0:0H! = 1:0.125:0.2:40:0.5 FH-47
and f zeolite were respectively synthesized by using the raw 35 Example 48 S@:AI:M:HzO:OH’i =1:0.143:0.1:40:1.2 FH-48
materials as shown in the Table 9 below in the molar ratio as Example 49 SEALM:H,0:0H™ = 1:0.25:0.01:80:1 FH-49
shown in the Table 3 below (if mixed templating agents were
used, they were used in a ratio of 1:1 or 1:1:1, similarly
hereinafter). The contents of ZSM-5, mordenite and f§ zeolite TABLE 6
in the intergrowth molecular sieves are shown in the Table 4 10
below. Content of
Content of ZSM-5 mordenite  Content of Y zeolite
Sample No. (wt %) (Wt %) (Wt %)
TABLE 3
FH-44 50.5 24.2 253
Example Molar ratio of the components in the solution Sample No. 15 FH-45 97.1 14 1.5
FH-46 88.3 6.5 5.2
Example 38 Si:Al:M:H,0:0H™! = 1:0.004:0.4:40:1.5 FH-38 FH-47 76.2 12.3 11.5
Example 39 Si:Al:M:H,0:0H™! = 1:0.01:0.4:40:0.01 FH-39 FH-48 40.4 38.5 21.1
Example 40  Si:Al:M:H,0:0H™! = 1:0.125:0.2:40:0.5 FH-40 FH-49 22.3 45.8 31.9
Example 41 Si:AlM:H,0:0H™! = 1:0.143:0.1:40:1.2 FH-41
Example 42 Si:Al:M:H,O:0H™ = 1:0.167:0:60:2 FH-42 20
Example 43 Si:Al:M:H,0:0H™! = 1:0.25:0.4:100:3 FH-43
i 2 Examples 50 to 55
Following the procedure as described in Example 30, a
TABLE 4 series of intergrowth molecular sieves of ZSM-5, mordenite
55 and MCM-22 were respectively synthesized by using the raw
. Content of Content of materials as shown in the Table 9 below in the molar ratio as
Sarmole N Slolz/ Alths Content ff/ZSM'5 mor(ti?;lte p Zetooilte shown in the Table 7 below. The contents of ZSM-5, morden-
ample No. _ (molar ratio) (%) i) %) ite and MCM-22 in the intergrowth molecular sieves are
FH-38 500 60.5 224 17.1 shown in the Table 8 below.
FH-39 200 97.2 1.2 1.6
FH-40 16 84.4 8.0 7.6 30
FH-41 14 48.7 40.5 10.8 TABLE 7
FH-42 12 32.1 54.5 144 . . .
FH-43 3 145 733 122 Example Molar ratio of the components in the solution Sample No.
Example 50 Si:Al:M:H,0:0H™! = 1:0.005:0.4:40:1 FH-50
Example 51 Si:AlM:H,0:0H™! = 1:0.1:0.1:50:0.001 FH-51
35 Example 52 Si:AILM:H,0:0H™! = 1:0.05:2:30:0.1 FH-52
Examples 44 to 49 Example 53 Si:ALM:H,0:0H! = 1:0.05:3:20:1.8 FH-53
Example 54  Si:Al:M:H,0:0H! = 1:0.167:0:60:2 FH-54
Following the procedure as described in Example 29, a Example 55 Si:ALM:H,0:0H™! = 1:0.25:0.4:100:1.3 FH-55
series of intergrowth molecular sieves of ZSM-5, mordenite
andY zeolite were respectively synthesized by using the raw 40
materials as shown in the Table 9 below in the molar ratio as TABLE 8
shown in the Table 5 below. The contents of ZSM-5, morden-
ite and Y zeolite in the intergrowth molecular sieves are Content
shown in the Table 6 below. Content of ZSM-5 of mordenite  Content of MCM-22
45 Sample No. (wt %) (wt %) (Wt %)
TABLE 5 FH-50 60.3 8.9 30.8
FH-51 96.8 1.4 1.8
Example Molar ratio of the components in the solution Sample No. FH-52 56.2 24.3 19.5
FH-53 33.6 253 41.1
Example 44 Si:Al:M:Hzo:OH’1 =1:0.005:0.4:40:1.5 FH-44 FH-54 40.3 7.8 51.9
Example 45 Si:Al:M:Hzo:OH’1 =1:0.01:0.4:40:0.01 FH-45 50 FH-55 16.7 70.3 13.0
Example 46 Si:Al:M:H,O:0H™! = 1:0.1:0.1:50:0.001 FH-46
TABLE 9
Sample Raw materials used
No. Silicon source Aluminum source Templating agent Base source  Acid
FH-32  sodium aluminum sulfate ethylene diamine Sodium diluted sulfuric acid
metasilicate hydroxide
FH-33  silicasol sodium n-butyl amine Sodium diluted hydrochloric
metaaluminate hydroxide acid
FH-34  amorphous silica pseudoboehmite n-butyl amine Sodium diluted nitric acid
hydroxide
FH-35  silica gel bauxite n-butyl amine Sodium oxalic acid
hydroxide
FH-36  diatomite aluminum hydroxide  ethylene diamine Sodium acetic acid

sol

hydroxide
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TABLE 9-continued

22

Sample Raw materials used
No. Silicon source Aluminum source Templating agent Base source  Acid
FH-37  sodium silicate aluminum sulfate ammonia water Sodium diluted hydrochloric
hydroxide acid
FH-38  tetraethyl aluminum sulfate ethylene diamine Sodium diluted hydrochloric
orthosilicate hydroxide acid
FH-39  silicasol aluminum nitrate tetraethyl ammonium Sodium diluted hydrochloric
hydroxide hydroxide acid
FH-40  silicasol aluminum trichloride  ethyl amine Sodium diluted sulfuric acid
hydroxide
FH-41  silicasol sodium aluminate triethyl amine Sodium diluted sulfuric acid
hydroxide
FH-42  silicasol aluminum sulfate tetraethyl ammonium Sodium diluted sulfuric acid
hydroxide hydroxide
FH-43  silicasol aluminum sulfate ethyl amine potassium diluted sulfuric acid
hydroxide
FH-44  silicasol sodium aluminate tetrapropyl ammonium potassium diluted hydrochloric
hydroxide hydroxide acid
FH-45  sodium sodium aluminate tetrapropyl ammonium potassium diluted hydrochloric
metasilicate bromide hydroxide acid
FH-46  sodium sodium aluminate tetraethyl ammonium potassium diluted hydrochloric
metasilicate hydroxide hydroxide acid
FH-47  sodium sodium aluminate tetraethyl ammonium potassium diluted hydrochloric
metasilicate bromide hydroxide acid
FH-48  sodium sodium aluminate n-butyl amine and potassium diluted sulfuric acid
metasilicate hexamethylene imine hydroxide
FH-49  sodium sodium ethyl amine, ethylene potassium diluted nitric acid
metasilicate, metaaluminate diamine and hexamethylene hydroxide
silica sol imine
FH-50  tetraethyl sodium ammonia water and potassium diluted sulfuric
orthosilicate, metaaluminate hexamethylene imine hydroxide, acid, diluted
silica sol Sodium hydrochloric acid
hydroxide
FH-51  tetraethyl sodium tetrapropyl ammonium potassium diluted sulfuric
orthosilicate metaaluminate, hydroxide, n-butyl amine hydroxide, acid, diluted
aluminum sulfate and hexamethylene imine Sodium hydrochloric acid
hydroxide
FH-52  tetraethyl sodium tetraethyl ammonium potassium diluted sulfuric
orthosilicate metaaluminate, hydroxide hydroxide, acid, diluted
aluminum sulfate Sodium hydrochloric acid
hydroxide
FH-53  tetraethyl sodium triethyl amine, potassium diluted nitric acid
orthosilicate metaaluminate hexamethylene imine hydroxide
FH-54  sodium silicate aluminum sulfate hexamethylene imine Sodium diluted nitric acid
hydroxide
FH-55  sodium silicate aluminum sulfate ammonia water, tetrabutyl  Sodium diluted nitric acid
ammonium bromide and hydroxide
hexamethylene imine
45
Examples 56 to 64 TABLE 10
The intergrowth molecular sieve of ZSM-5 and mordenite ) Ratioby ~ Sample
. . . Example Intergrowth molecular sieve type weight No.
in hydrogen form as prepared in Example 1, the intergrowth s,
molecular sieve of ZSM-5 and B zeolite in hydrogen form as Example 56 ZSM-5/mordenite + ZSM-5/f zeolite 1:1 HH-56
. . . Example 57 ZSM-5/mordenite + ZSM-5/Y zeolite 1:1 HH-57
prepared in Example 2, and the intergrowth molecular sieve Example 58 ZSM-5/p zeolite + ZSM-5/Y zeolite  1:1 HILS8
of ZSM-5 and Y zeolite in hydrogen form as prepared in Example 59 ZSM-5/mordenite + ZSM-5/ 1:1:1 HH-59
Example 3 were mixed in certain proportions, to give physical P zeolite + ZSM-5/Y zeolite
. . 55 Example 60 ZSM-5/mordenite/analcite + 1:1 HH-60
mixtures, as shown in the Table 10 below. ZSM-5/mordenite/f zeolite
The intergrowth molecular sieve of ZSM-5, mordenite and Example 61  ZSM-3/mordenite/f zeolite + 1:1 HH-61
analcite in hydrogen form as prepared in Example 27, the ZSM-5/mordenite/Y zeolite
. . B Example 62 ZSM-5/mordenite/Y zeolite + 1:1 HH-62
intergrowth molecular sieve of ZSM-5, mordenite and 3 zeo- ZSM-5/mordenite/MCM-22
lite in hydrogen form as prepared in Example 28, the inter- 60 Example 63 ZSM-5/mordenite/analcite + ZSM-5/  1:1:1 HH-63
growth molecular sieve of ZSM-5, mordenite and Y zeolite in mordenite/p zeolite +
. . ZSM-5/mordenite/Y zeolite
hydrogen form as prepared in Example 29, and the inter-  pxample 64  ZSM-5/mordenite/analcite + ZSM-5/ 1:1:1:1  HH-64
growth molecular sieve of ZSM-5, mordenite and MCM-22 mordenite/f zeolite +
in hydrogen form as prepared in Example 24 were mixed in Z8M-5/mordenite/Y zcolite +
65 ZSM-5/mordenite/MCM-22

certain proportions, to give physical mixtures, as shown in the
Table 10 below.
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Example 65

20 g of the intergrowth molecular sieve of ZSM-5 and
mordenite in hydrogen form as prepared in Example 1 was
uniformly mixed with 58 ml of 0.05M aqueous solution of
lanthanum nitrate and 64.5 ml of 0.1M phosphoric acid, and
then the mixture was evaporated at 70° C. to dryness while
stirring. The solid residue was dried at 120° C. for 3 h, and
then calcined at 550° C. for 3 h, to give a ZSM-5/mordenite
intergrowth molecular sieve modified with lanthanum and
phosphorus. The modified molecular sieve was pressed into
tablets, crushed, and sieved. Then particles of 20 to 40 mesh
were loaded into a fixed bed reactor having an inner diameter
of 12 mm, and evaluated under the following conditions:
reaction temperature of 650° C., reaction pressure of 0.02
MPa (gauge), weight hourly space velocity of naphtha of 1
h~!, and weight ratio of water to naphtha of 2:1. The results
are shown in the Table 11 below.

Example 66

20 g of the intergrowth molecular sieve of ZSM-5 and
zeolite in hydrogen form as prepared in Example 2 was uni-
formly mixed with 58 ml of 0.05M aqueous solution of lan-
thanum nitrate and 64.5 ml of 0.1M phosphoric acid, and then
the mixture was evaporated at 70° C. to dryness while stirring.
The solid residue was dried at 120° C. for 3 h, and then
calcined at 550° C. for 3 h, to give a ZSM-5/f zeolite inter-
growth molecular sieve modified with lanthanum and phos-
phorus. The modified molecular sieve was mixed with alu-
mina and Sesbania cannabina powder according to a weight
ratio of 12:7:1, and then 20 ml of 5 vol % diluted nitric acid
was added thereto, and the mixture was homogenously mixed
and then extruded. The extrudates were dried at 120° C. for 3
h, and then calcined in a muffle furnace at 550° C. for 4 h. The
extrudates were taken out and then crushed and sieved. Par-
ticles of 20 to 40 mesh were loaded into a fixed bed reactor
having an inner diameter of 12 mm, and evaluated under the
following conditions: reaction temperature of 650° C., reac-
tion pressure of 0.02 MPa (gauge), weight hourly space
velocity of naphtha of 1 h™', and weight ratio of water to
naphtha of 2:1. The results are shown in the Table 11 below.

Example 67

200 g of the intergrowth molecular sieve of ZSM-5 and Y
zeolite in hydrogen form as prepared in Example 3 was uni-
formly mixed with 580 ml of 0.05M aqueous solution of
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lanthanum nitrate and 645 ml of 0.1M phosphoric acid, and
then the mixture was evaporated at 70° C. to dryness while
stirring. The solid residue was dried at 120° C. for 3 h, and
then calcined at 550° C. for 3 h, to give a ZSM-5/Y zeolite
intergrowth molecular sieve modified with lanthanum and
phosphorus. The modified molecular sieve was mixed with
silica sol having a solid content of 40 wt % according to a
weight ratio of 1:1, and then the mixture was spray dried. The
dried mixture was calcined in a muffle furnace at 550° C. for
4 h and then taken out and sieved. Particles of 10 to 150
microns were loaded into a fluidized bed reactor having an
inner diameter of 50 mm, and evaluated under the following
conditions: reaction temperature of 650° C., reaction pressure
010.02 MPa (gauge), weight hourly space velocity of naphtha
of 1 h™', and weight ratio of water to naphtha of 2:1. The
results are shown in the Table 11 below.

Example 68

200 g of the ZSM-5/mordenite/p zeolite intergrowth
molecular sieve in hydrogen form as prepared in Example 28
was uniformly mixed with 580 ml of 0.05M aqueous solution
of'lanthanum nitrate and 645 ml of 0.1M phosphoric acid, and
then the mixture was evaporated at 70° C. to dryness while
stirring. The solid residue was dried at 120° C. for 3 h, and
then calcined at 550° C. for 3 h, to give a ZSM-5/mordenite/[3
zeolite intergrowth molecular sieve modified with lanthanum
and phosphorus. The modified molecular sieve was mixed
with silica sol having a solid content of 40 wt % and kaolin
according to a weight ratio of 6:3:1, and then the mixture was
spray dried. The dried mixture was calcined in a muffle fur-
nace at 550° C. for 4 h and then taken out and sieved. Particles
of 10 to 150 microns in diameter were placed into an auto-
clave and treated at 180° C. with ethylene diamine vapor for
60 h, to give a catalyst having binder converted into crystal.
So-prepared catalyst was loaded into a fluidized bed reactor
having an inner diameter of 50 mm, and evaluated under the
following conditions: reaction temperature of 650° C., reac-
tion pressure of 0.02 MPa (gauge), weight hourly space
velocity of naphtha of 1 h™, and weight ratio of water to
naphtha of 2:1. The results are shown in the Table 11 below.

Examples 69 to 81

The intergrowth molecular sieves as prepared in Examples
4 to 16 were modified and evaluated following the procedure
as described in Example 66. So-prepared catalyst composi-
tions and evaluation results are shown in the Table 11 below.

TABLE 11
Type and content of  Ethylene Propylene Yield of ethylene
Intergrowth modifying elements yield yield plus propylene
Example molecular sieve (wt %) (Wt %) (wt %) (wt %)
Example 65 FH-1 2%La+1%P 27.2 294 56.6
Example 66 FH-2 2%La+1%P 26.4 28.9 553
Example 67 FH-3 2%La+1%P 26.5 28.9 554
Example 68 FH-28 2%La+1%P 29.0 27.5 56.5
Example 69 FH-4 2%La+1%P 28.56 26.14 54.70
Example 70  FH-5 6% Ce +0.5% B 28.07 25.29 53.36
Example 71 FH-6 10% La + 1% Cu 30.13 22.94 53.07
Example 72 FH-7 5% La + 2% Zn 24.35 21.31 45.66
Example 73 FH-8 15% La + 1% Mg 28.02 24.22 52.24
Example 74 FH-9 1% La+0.5%K 26.65 24.54 51.19
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TABLE 11-continued
Type and content of ~ Ethylene Propylene Yield of ethylene
Intergrowth modifying elements yield yield plus propylene
Example molecular sieve (wt %) (Wt %) (wt %) (wt %)
Example 75 FH-10 0.5%P+0.5%B 25.44 24.40 49.84
Example 76 FH-11 0.2% La + 0.2Bi 25.43 21.38 46.81
Example 77 FH-12 2% La + 2% Ga 26.15 22.68 48.83
Example 78 FH-13 10% Ce + 1% Ca 28.98 23.21 53.19
Example 79 FH-14 4% Ce + 4% Li 27.23 25.32 52.55
Example 80 FH-15 5% La+ 5% Cd 25.12 26.87 51.99
Example 81 FH-16 2% La+ 0.2% Ag 27.32 27.45 54.77
Example 82 oflanthanum nitrate, 645 ml of 0.1M phosphoric acid, 363 ml
15 of 0.5M boric acid and 315 ml of 0.1M copper nitrate, and

200 g of the ZSM-5/p zeolite/ZSM-23 intergrowth
molecular sieve in hydrogen form as prepared in Example 17
was uniformly mixed with 580 ml of 0.1M aqueous solution
oflanthanum nitrate, 645 ml of 0.1M phosphoric acid and 363
ml of 0.5M boric acid, and then the mixture was evaporated at
70° C. to dryness while stirring. The solid residue was dried
and then calcined to give a ZSM-5/f zeolite/ZSM-23 inter-
growth molecular sieve modified with lanthanum, phospho-
rus and boron. Molded catalyst composition was prepared
and evaluated following the procedure as described in
Example 66. The results are shown in the Table 12 below.

Examples 83 to 88

The intergrowth molecular sieves as prepared in Examples
1810 23 were modified and evaluated following the procedure
as described in Example 66. So-prepared catalyst composi-
tions and evaluation results are shown in the Table 12 below.
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then the mixture was evaporated at 70° C. to dryness while
stirring. The solid residue was dried and then calcined to give
a ZSM-5/mordenite/Y zeolite intergrowth molecular sieve
modified with lanthanum, phosphorus, boron and copper. The
catalyst composition was evaluated following the procedure
as described in Example 67. The results are shown in the
Table 13 below.

Examples 90 to 96

The intergrowth molecular sieves as prepared in Examples
241030 were modified and evaluated following the procedure
as described in Example 67. So-prepared catalyst composi-
tions and evaluation results are shown in the Table 13 below.

TABLE 12
Type and content of Ethylene Propylene Yield of ethylene
Intergrowth modifying elements yield yield plus propylene

Example molecular sieve (wt %) (wt %) (Wt %) (Wt %)

Example 82 FH-17 2%La+1%P+1%B 26.67 27.24 54.01

Example 83 FH-18 2% Ce+2%P +1%Cu 26.22 27.38 53.60

Example 84 FH-19 2% La+ 1% P+ 1% Zn 26.94 27.67 54.61

Example 85 FH-20 2% La+ 1% P+ 1% Mg 28.32 24.51 52.83

Example 86 FH-21 2%La+1% P+ 1% K 29.13 22.63 51.66

Example 87 FH-22 2%La+ 1% Bi+1%B 28.56 22.88 51.44

Example 88  FH-23 2% La+ 1% P+ 1% Ga 26.35 23.71 50.06

Example 89
200 g of the ZSM-5/mordenite/Y zeolite intergrowth ;g
molecular sieve in hydrogen form as prepared in Example 29
was uniformly mixed with 580 ml of 0.1M aqueous solution
TABLE 13
Yield of
Type and content of Ethylene Propylene ethylene plus
Intergrowth modifying elements yield yield propylene

Example molecular sieve (wt %) (Wt %) (wt %) (wt %)
Example 89 FH-29 2% La+1%P+1%B+1%Cu 27.33 27.25 54.58
Example 90 FH-24 2% La+1%P+1%B+1%Zn 27.65 25.71 53.36
Example 91 FH-25 2% La+1%P+1%B+ 1% Mg 27.82 26.17 53.99
Example 92 FH-26 2% La+1%P+1%B+1%K 28.56 24.85 53.41
Example 93 FH-27 2% Ce + 1% Bi+ 1% Ga + 0.5% Cd 29.24 23.48 52.72
Example 94 FH-28 2% Ce + 1% Bi+ 1% Ga + 0.5% Ag 29.63 21.42 51.05
Example 95 FH-29 2% La+1%P+1%B+1%Ca 25.19 24.45 49.64
Example 96 FH-30 2% La+1%P+1% B+ 1% Li 24.68 22.78 47.46




US 9,242,236 B2

27
Example 97

200 g of the ZSM-5/Magadiite intergrowth molecular sieve
in hydrogen form as prepared in Example 31 was uniformly
mixed with 580 ml of 0.1M lanthanum nitrate, 645 ml of 0.1M
phosphoric acid, 383 ml of 0.5M boric acid, 315 ml of 0.1M
copper nitrate, and 310 ml of 0.1M zinc nitrate, and then the
mixture was evaporated at 70° C. to dryness while stirring.
The solid residue was dried and then calcined to give a ZSM-
5/Magadiite intergrowth molecular sieve modified with lan-
thanum, phosphorus, boron, copper and zinc. The catalyst
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composition was evaluated following the procedure as
described in Example 68. The results are shown in the Table
14 below.

Examples 98 to 103

The intergrowth molecular sieves as prepared in Examples
56t0 61 were modified and evaluated following the procedure
as described in Example 68. So-prepared catalysts and evalu-
ation results are shown in the Table 14 below.

TABLE 14
Yield of
Intergrowth  Type and content of modifying Ethylene Propylene ethylene plus
molecular elements yield yield propylene
Example sieve (wt %) (Wt %) (wt %) (wt %)
Example 97 FH-31 2%La+1%P+1%B+1% Cu+ 1% Zn 26.85 27.18 54.03
Example 98  FH-56 2%La+1%P+1% B+ 1% Cu+ 1% Mg 26.24 27.43 53.67
Example 99 FH-57 2%La+1%P+1% B+1% Cu+1%K 26.96 27.77 54.73
Example 100 FH-58 2% Ce+1%Bi+1%B+1%Cu+1%Li 28.42 24.37 52.79
Example 101 FH-59 2%Ce+1%P+1%B+1%Cu+1%Ca 29.12 22.62 51.74
Example 102 FH-60 2%La+1%P+1%B+1% Cu+ 1% Ba 28.56 22.93 51.49
Example 103 FH-61 2%Pr+1% P+ 1% Ga+ 1% Ag+ 1% Cd 26.22 23.64 49.86
Examples 104 to 110
50  Theintergrowth molecular sieves as prepared in Examples
62 to 64 and Examples 7 to 10 were modified and evaluated
following the procedure as described in Example 67. So-
prepared catalysts and evaluation results are shown in the
Table 15 below.
TABLE 15
Yield of
ethylene
Intergrowth Ethylene Propylene plus
molecular Type and content of modifying elements yield yield propylene
Example sieve (Wt %) (wt %) (wt %) (wt %)
Example 104 FH-62 2%La+1%P+1%B+1%Cu+ 1% Zn+ 1% Mg 27.85 27.18 55.03
Example 105 FH-63 2%La+1%P+1%B+1%Cu+ 1% Mg+ 1% Ti 27.24 2743 54.67
Example 106 FH-64 2%La+1%P+1%B+1%Cu+ 1% K+1%Zr 27.96 27.77 55.73
Example 107 FH-7 2% Ce+1%Bi+1%B+1%Cu+1%Li+1%V 28.42 24.37 52.79
Example 108 FH-8 2% Ce+1%P+1% B+ 1% Cu+ 1% Ca+ 1% Nb 29.12 22.62 51.74
Example 109 FH-9 2%La+1%P+1%B+1%Cu+1%Ba+1%K 28.56 22.93 51.49
Example 110 FH-10 2%Pr+1%P+1%Ga+1%Ag+1% Cd+1%Ti 26.22 23.64 49.86
S0 Examples 111 to 124
The intergrowth molecular sieves as prepared in Examples
1410 27 were modified and evaluated following the procedure
as described in Example 66. So-prepared catalyst composi-
tions and evaluation results are shown in the Table 16 below.
TABLE 16
Yield of
ethylene
Intergrowth Ethylene Propylene plus
molecular Type and content of modifying elements yield yield propylene
Example sieve (Wt %) (wt %) (wt %) (wt %)
Example FH-14 2%La+1%P+1%B+1%Cu+ 1% Zn+ 21.98 28.64 50.62
111 1% Mg+1%K
Example FH-15 2%La+1%P+1%B+1%Cu+ 1% Zn+ 23.91 30.17 54.08
112 1% Mg+ 1% Ti
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TABLE 16-continued
Yield of
ethylene
Intergrowth Ethylene Propylene plus
molecular Type and content of modifying elements yield yield propylene
Example sieve (wt %) (wt %) (Wt %) (wt %)
Example FH-16 2% La+1%P+1% B+ 1% Cu+ 1% Cd + 23.65 2472 48.37
113 1% K + 1% Zr
Example FH-17 2% Ce+1%Bi+ 1% B+ 1% Cu+1% Li+ 1%V 30.87 23.68 54.55
114
Example FH-18 2% Ce + 1% P + 1% B + 1% Cu + 1% Ag + 29.74 23.25 52.99
115 1% Ca + 1% Nb
Example FH-19 2% La+ 1% P+ 1% B+ 1% Cu + 1% Zn + 22.46 27.33 49.79
116 1% Ba+1%K + 1% Ti
Example  FH-20 2% Pr+ 1% P+ 1% Ga + 1% Ag + 1% Cd + 18.21 29.64 47.85
117 1% Mg +1%K + 1% Ti
Example  FH-21 2% La+ 1% P+ 1% B+ 1% Cu + 1% Zn + 23.42 26.39 49.81
118 1% Mg+1%K+1%Ti + 1%V
Example  FH-22 2% La+ 1% P+ 1% B+ 1% Cu+ 1% Zn + 28.74 2292 51.66
119 1% Mg + 1% K + 1% Ti + 1% Nb
Example FH-23 2% La+2% Ce+ 1% P+ 1% B + 1% Cu + 31.85 23.76 55.61
120 1%Zn+1% Mg+ 1% K + 1% Ti + 1%V
Example FH-24 2% La+1%P+1% B+ 1% Cu+ 1% Zn + 25.71 28.95 54.66
121 1% Ag+1% Mg+ 1% K+ 1% Ti+ 1%V
Example  FH-25 2% La+ 1% P+ 1% Bi+1%B + 1% Cu + 1% Zn + 30.89 24.60 55.49
122 1% Ag+1% Mg+ 1% K+ 1% Ti+ 1%V
Example FH-26 2% La+2% Ce+ 1% P+ 1% Bi+ 1% B + 1% Cu + 30.32 26.53 56.85
123 1% Zn + 1% Cd + 1% Mg + 1% K + 1% Ti +
1%V +1%Li
Example  FH-27 2% La+2% Ce+ 1% P+ 1% Bi+ 1% B + 1% Ga + 30.72 26.48 57.20
124 1% Cu + 1% Zn + 1% Cd + 1% Mg + 1% K +
1% Ti+ 1%V +1%Li
30
Examples 125 to 128 TABLE 17
The catalyst composition as prepared in Example 65 was ) . Yield of ethylene plus
1 d und diti . . £ . Ethylene yield Propylene yield propylene
evaluated under conditions: reaction pressure o 9.02 MPa; Example (Wt %) (vt %) (W1 %)
catalystload of 1 g naphtha/gCatalyst-h; weight ratio of water 35
to naphtha of 2:1; and reaction temperatures of 550° C., 580° Eiﬁg}: 32 ;?2; ;2‘; ig'gé
C., 630° C., and 700° C., respectively. The results are shown Example 127 3033 2725 5758
in the Table 17. Example 128 32.27 21.69 53.96
Example 129 27.93 23.67 51.60
Example 130 24.81 27.73 52.54
40
Examples 129 to 133 Example 131 28.27 24.82 53.09
Example 132 32.12 23.64 55.76
The catalyst composition as prepared in Example 66 was Example 133 30.54 28.67 59.21
evaluated under conditions: reaction temperature of 650° C.; Eiﬁgiz gg igﬂ ;i'ég ggzg
catalyst load of 1 g naphtha/gCatalyst-h; weight ratio of water Example 136 3247 2292 5530
to naphtha of3:1; and reaction pressures of 0.5 MPa, 0.2 MPa, * Example 137 30.24 28.25 58.49
0.05 MPa, 0.01 MPa, and 0.001 MPa, respectively. The  Example 138 29.27 23.15 5242
. Example 139 34.98 24.69 59.77
results are shown in the Table 17. Example 140 3237 55.23 57.60
Example 141 31.20 25.34 56.54
Example 142 28.79 23.18 51.97
Examples 134 to 138 p
50
The catalyst composition as prepared in Example 67 was
evaluated under conditions: reaction temperature of 650° C.; Comparative Example 1
reaction pressure of 0.02 MPa; weight ratio of water to naph-
tha of 3:1; and catalyst load of 4 g naphtha/gCatalysth, 2 g .. A ZSM-5molecular sieve having a SiO,/Al,0, molar ratio

naphtha/gCatalyst-h, 1 g naphtha/gCatalyst-h, 0.5 g naphtha/
gCatalyst-h, and 0.1 g naphtha/gCatalyst-h, respectively. The
results are shown in the Table 17.

Examples 139 to 142

The catalyst composition as prepared in Example 68 was
evaluated under conditions: reaction temperature of 650° C.;
reaction pressure of 0.02 MPa; catalyst load of 1 g naphtha/
gCatalyst-h; and weight ratio of water to naphtha of 4:1, 2:1,
0.5:1, and 0.1:1, respectively. The results are shown in the
Table 17.
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of 40, manufactured by Shanghai Research Institute of Pet-
rochemical Technology, Sinopec, was modified according to
the procedure as described in Example 66, to give a ZSM-5
molecular sieve catalyst modified with La, P, B, Cu, Zn, Mg
and Ti. The catalyst was evaluated according to the procedure
as described in Example 66. The results are shown in the
Table 18 below.

Comparative Example 2

A mordenite having a Si0,/Al, O molar ratio of 20, manu-
factured by Shanghai Research Institute of Petrochemical
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Technology, Sinopec, was modified according to the proce-
dure as described in Example 67, to give a mordenite catalyst
modified with Ce, Bi, B, Cu, Li and V. The catalyst was
evaluated according to the procedure as described in Example
67. The results are shown in the Table 18 below.

Comparative Example 3

A f zeolite having a Si0,/Al,O, molar ratio of 40, manu-
factured by Shanghai Research Institute of Petrochemical
Technology, Sinopec, was modified according to the proce-
dure as described in Example 66, to give a jj zeolite catalyst
modified with La, P, Bi, B, Cu, Zn, Ag, Mg, K, Ti and V. The
catalyst was evaluated according to the procedure as
described in Example 66. The results are shown in the Table
18 below.

Comparative Example 4

AY zeolite having a Si0,/Al,0, molar ratio of 20, manu-
factured by Shanghai Research Institute of Petrochemical
Technology, Sinopec, was modified according to the proce-
dure as described in Example 67, to give a 'Y zeolite catalyst
modified with La, Ce, P, B, Cu, Zn, Mg, K, Ti and V. The
catalyst was evaluated according to the procedure as
described in Example 67. The results are shown in the Table
18 below.
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) 0to 20% of at least one element from Group 1A or ITA of

the Periodic Table or oxides thereof; and
£)0 to 65% of at least one binder,
wherein the components b), ¢), d), e) and ) are supported
on the component a), and contents of at least two of the
components b), ¢), d), e) and f) are larger than zero,

and further wherein the at least one intergrowth molecular
sieve is prepared by mixing a silicon source, an alumi-
num source, an optional templating agent and water, and
allowing the mixture to crystallize under hydrothermal
conditions and, optionally, in the presence of suitable
crystal seeds.

2. The process according to claim 1, wherein the cracking
feedstock is naphtha.

3. The process according to claim 1, wherein the process is
performed at a reaction temperature ranging from 550 to 750°
C.

4. The process according to claim 1, wherein the process is
performed at a reaction pressure ranging from 0.001 MPa to
0.5 MPa.

5. The process according to claim 1, wherein the process is
performed at a weight hourly space velocity of the cracking
feedstock ranging from 0.1 to 10 h™'.

6. The process according to claim 1, wherein the process is
performed at a weight ratio of water to the cracking feedstock
ranging from 0.1:1 to 4:1.

TABLE 18
Yield of
Ethylene
Ethylene Propylene plus
Molecular Type and content of modifying elements yield yield propylene
Comp. Ex. sieve (wt %) (wt %) (Wt %) (wt %)
Comp. Ex. 1 ZSM-5 2%La+1%P+1%B+1% Cu+1% Zn + 23.33 24.64 47.97
1% Mg + 1% Ti
Comp. Ex. 2 Mordenite 2% Ce+1%Bi+1% B +1% Cu+1%Li+ 1%V 22.84 22.72 45.56
Comp. Ex. 3 pzeolite 2% La+1%P+1%Bi+1%B+1%Cu+1% Zn+ 22.25 22.67 44.92
1% Ag+1% Mg+1% K+1%Ti+ 1%V
Comp. Ex. 4 Yzeolite 2%La+2%Ce+1%P+1%B+1% Cu+ 21.54 22.60 44.14

1% Zn+1%Mg+1%K+1%Ti+ 1%V

What is claimed is:

1. A process for the production of olefins via catalytic

cracking, comprising

i) converting a cracking feedstock to an effluent comprising
ethylene and propylene in the presence of a catalyst
composition; and

i) isolating ethylene and propylene from the effluent
obtained from 1),

wherein the catalyst composition comprises, on weight
basis relative to the total weight of the catalyst compo-
sition, the following components:

a) 30 to 99.5% of at least one intergrowth molecular sieve
chosen from intergrowth molecular sieves of at least two
of ZSM-5, mordenite, §§ zeolite, Y zeolite, MCM-22,
analcite, MCM-49, MCM-48, MCM-56, ZSM-23, and
Magadiite molecular sieve;

b) 0 to 20% of at least one rare earth element or oxides
thereof;

¢) 0to 10% of at least one element from Group VA of the
Periodic Table or oxides thereof;

d) 0to 10% of at least one element from Group II1A of the
Periodic Table or oxides thereof;

e) 0to 20% of at least one element from Group IB or IIB of
the Periodic Table or oxides thereof;

45

50

65

7. The process according to claim 1, wherein the at least
one intergrowth molecular sieve is chosen from intergrowth
molecular sieves of ZSM-5 and mordenite; intergrowth
molecular sieves of ZSM-5 and f§ zeolite; intergrowth
molecular sieves of ZSM-5 and Y zeolite; intergrowth
molecular sieves of ZSM-5 and MCM-22; intergrowth
molecular sieves of ZSM-5 and MCM-48; intergrowth
molecular sieves of ZSM-5 and MCM-49; intergrowth
molecular sieves of ZSM-5 and MCM-56; intergrowth
molecular sieves of ZSM-5 and ZSM-23; intergrowth
molecular sieves of ZSM-5, Magadiite and [} zeolite; inter-
growth molecular sieves of ZSM-5, mordenite and f§ zeolite;
intergrowth molecular sieves of ZSM-5, mordenite and Y
zeolite; intergrowth molecular sieves of ZSM-5, mordenite
and MCM-22; intergrowth molecular sieves of ZSM-5,
zeolite and MCM-22; intergrowth molecular sieves of ZSM-
5, P zeolite and MCM-49; intergrowth molecular sieves of
ZSM-5, B zeolite and MCM-22; intergrowth molecular sieves
of ZSM-5, § zeolite and MCM-49; intergrowth molecular
sieves of ZSM-5, ZSM-23 and MCM-49; and intergrowth
molecular sieves of ZSM-5, ZSM-23 and MCM 22.

8. The process according to claim 1, wherein the at least
one intergrowth molecular sieve has a molar ratio of SiO,/
AL, O, of from 10 to 1000.
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9. The process according to claim 1, wherein the at least
one intergrowth molecular sieve comprises 50 to 99wt % of
ZSM-5 molecular sieve, and has a molar ratio of SiO,/Al,0;,
of from 12 to 300.

10. The process according to claim 1, wherein, on weight
basis, the content of the at least one intergrowth molecular
sieve ranges from 40 to 99%.

11. The process according to claim 1, wherein the at least
one rare earth element is chosen from La, Ce, Nd and Pr; the
at least one element from Group VA is chosen from P, As, Sb
and Bi; the at least one element from Group IIIA is chosen
from B, Ga, In and TT; the at least one element from Group 1B
or IIB is chosen from Cu, Ag, Au, Zn and Cd; and the at least
one element from Group IA or IIA is chosen from Li, K, Rb,
Cs, Be, Mg, Ca, Sr and Ba.

12. The process according to claim 1, wherein on weight
basis, the content of the at least one rare earth element or
oxides thereof ranges from 0.1 to 20%; the content of the at
least one element from Group VA or oxides thereof ranges
from 0.1 to 10%; the content of the at least one element from
Group IIIA or oxides thereof ranges from 0.01 to 10%; the
content of the at least one element from Group 1B or IIB or
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oxides thereof ranges from 0.1 to 20%; and the content of the
at least one element from Group A or IIA or oxides thereof
ranges from 0.1 to 20%.

13. The process according to claim 1, wherein on weight
basis, the content of the at least one rare earth element or
oxides thereof ranges from 0.5 to 15%; the content of the at
least one element from Group VA or oxides thereof ranges
from 0.5 to 5%; the content of the at least one element from
Group IIIA or oxides thereof ranges from 0.1 to 5%; the
content of the at least one element from Group 1B or IIB or
oxides thereof ranges from 0.5 to 15%; and the content of the
at least one element from Group A or IIA or oxides thereof
ranges from 0.5 to 10%.

14. The process according to claim 1, wherein the catalyst
composition further comprises at least one element from
Group [VB or VB of'the Periodic Table or oxides thereofin an
amount of from 0.01 to 2wt %.

15. The process according to claim 14, wherein the at least
one element from Group IVB or VB of the Periodic Table is
chosen from Ti, Zr, Hf, V, Nb and Ta.

16. The process according to claim 1, wherein the at least
one binder is chosen from silica, alumina, and kaolin.
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